Phosphorylation of the platelet-derived growth factor receptor-beta and epidermal growth factor receptor by G protein-coupled receptor kinase-2. Mechanisms for selectivity of desensitization.
Accumulating evidence suggests that receptor protein-tyrosine kinases, like the platelet-derived growth factor receptor-beta (PDGFRbeta) and epidermal growth factor receptor (EGFR), may be desensitized by serine/threonine kinases. One such kinase, G protein-coupled receptor kinase-2 (GRK2), is known to mediate agonist-dependent phosphorylation and desensitization of multiple heptahelical receptors. In testing whether GRK2 could phosphorylate and desensitize the PDGFRbeta, we first found by phosphoamino acid analysis that cells expressing GRK2 could serine-phosphorylate the PDGFRbeta in an agonist-dependent manner. Augmentation or inhibition of GRK2 activity in cells, respectively, reduced or enhanced tyrosine phosphorylation of the PDGFRbeta but not the EGFR. Either overexpressed in cells or as a purified protein, GRK2 demonstrated agonist-promoted serine phosphorylation of the PDGFRbeta and, unexpectedly, the EGFR as well. Because GRK2 did not phosphorylate a kinase-dead (K634R) PDGFRbeta mutant, GRK2-mediated PDGFRbeta phosphorylation required receptor tyrosine kinase activity, as does PDGFRbeta ubiquitination. Agonist-induced ubiquitination of the PDGFRbeta, but not the EGFR, was enhanced in cells overexpressing GRK2. Nevertheless, GRK2 overexpression did not augment PDGFRbeta down-regulation. Like the vast majority of GRK2 substrates, the PDGFRbeta, but not the EGFR, activated heterotrimeric G proteins allosterically in membranes from cells expressing physiologic protein levels. We conclude that GRK2 can phosphorylate and desensitize the PDGFRbeta, perhaps through mechanisms related to receptor ubiquitination. Specificity of GRK2 for receptor protein-tyrosine kinases, expressed at physiologic levels, may be determined by the ability of these receptors to activate heterotrimeric G proteins, among other factors.